This paper presents the catalogue and the method of determination of averaged quadratic effective magnetic fields B e for 596 main sequence and giant stars. The catalogue is based on measurements of the stellar effective (or mean longitudinal) magnetic field strengths B e , which were compiled from the existing literature. We analysed the properties of 352 chemically peculiar A and B stars in the catalogue, including Am, ApSi, He-weak, He-rich, HgMn, ApSrCrEu, and all ApSr type stars. We have found that the number distribution of all chemically peculiar (CP) stars vs. averaged magnetic field strength is described by a decreasing exponential function. Relations of this type hold also for stars of all the analysed subclasses of chemical peculiarity. The exponential form of the above distribution function can break down below about 100 G, the latter value representing approximately the resolution of our analysis for A type stars.
Introduction
Research on stellar magnetic fields is among the most important issues in both observational and theoretical astrophysics. The first measurements of magnetic fields in stars were done more than 50 years ago . From that time, both the number of magnetic field measurements and the number of investigated stars have grown enormously. Therefore we decided to collect and present in some homogeneous form all the published magnetic field measurements. We have also attempted to analyse these preprocessed observational data.
Similar efforts have been made previously, but were based on much less numerous sets of measurements ; Borra et al. 1983 ; Glagolevskij et al. 1986; Bychkov 1990 ; Bychkov et al. 1990 ). The above compilations have been essential for our understanding of the magnetic field strength and structure in stellar atmospheres, and their generation and time evolution in stellar interiors. Taking into account the large increase of the accumulated observational material, we believe that analogous new research of this kind is necessary and fully justified.
The catalog and analyses presented below do not include either isolated degenerate stars (cooling neutron stars and most
Send offprint requests to: V.D. Bychkov, e-mail: vbych@sao.ru white dwarfs), or degenerate stars in interacting binaries. Only a few of the brightest white dwarfs are present in the catalog.
Averaging of stellar effective magnetic fields
The differential contribution dB e to the effective magnetic field of a star is defined as the area-weighted projection of the local vector of the magnetic field B loc onto the line of sight. The local monochromatic intensity I ν of outgoing radiation is also a weighting factor in that projection. The effective (or mean longitudinal) magnetic field B e is the weighted mean value, integrated over the visible stellar disc 
where γ denotes the angle between the local vector B loc and the direction towards the observer. The variable θ denotes the colatitude angle, and ϕ stands for the azimuthal angle of the angular integration. The above definition assumes a simplified situation, in which the B e is determined at a single discrete frequency only (Madej 1983) . In general, the specific intensity of radiation I ν (θ) depends strongly on the frequency of radiation ν, and exhibits various limb-darkening relations for different νs. Therefore the value of the effective magnetic field B e is also a frequency dependent quantity, when measured for the given magnetic field configuration of a star.
The dependence of B e on frequency, or on the finite range of frequencies in which measurements were done, has always been ignored in earlier papers, which are collected and analysed here. Therefore also in this paper we do not distinguish B e values measured in the wings of the hydrogen Balmer lines, or elsewhere in the optical spectra of stars.
In most magnetic stars the values of B e change periodically with the rotational phase of the star. Values of B e can be either positive or negative. Moreover, it is possible that a star with strong magnetic field can momentarily exhibit B e = 0, depending on the aspect. Therefore it is useful to characterize the magnetic properties of various stars by the averaged quadratic effective magnetic field B e , which is always positive .
For a series of B e measurements, we define
where B ei denotes the i-th measurement of the effective magnetic field, and n is the total number of observations for a given star. The variable σ ei is the standard error of B ei , and σ e is the rms standard error of B e . The value of χ 2 /n (given per single degree of freedom) allows one to judge whether a series of B ei for a given star represents a reliable detection of a nonzero effective magnetic field, or or whether this series is rather the result of random noise
This method for averaging the individual B e measurements of a magnetic star was introduced by Borra et al. (1983) , to study magnetic properties of He-weak stars. This evaluation of B e is particularly useful to study stars with few or high noise B e observations, where full magnetic curves cannot yet be constructed. Borra et al. (1983) have pointed out that the value of B e gives an estimate of the amplitude of the B e variations of a given star, provided that this amplitude is substantially larger than σ e .
Description of the tables
Descriptions of stars and the available magnetic field data about each are included in a series of 10 tables. The basic and most extensive Table A.1, included in Appendix A, presents the full listing of stars for which we performed computations of the quadratic B e averages. For convenience, these stars are ordered according to their HD number. Successive rows of Table  A.1 give: HD number (or BD number in case of faint stars), spectral type, number N of magnetic observations, value of B e in G, standard deviation σ in G, value of χ 2 /n, method of B e determination (abbreviations are explained at the bottom of Table A.1), and numbers referring to papers where we found the original magnetic field measurements. Cross-references between these numbers and the original papers are also given at the bottom of Table A.1. Table A .1 contains magnetic data on a total of 596 stars of various spectral types. One can easily see that in the case of many stars listed there, the value of B e is approximately equal or smaller than σ e , which usually means that detection of the magnetic field itself highly uncertain. Table 1 summarizes our results on the distribution of averaged effective magnetic fields in Ap type stars of various subclasses. In this table, the number N in the second column displays the number of stars of a given peculiarity type in our sample.
One should note that some CP stars exhibit more than one type of chemical peculiarity simultaneously. For example, it is a well known observational fact that some Si-type stars appears also as He-weak stars, etc. When this happened, we have included such ambiguous stars in both samples. Consequently, the sum of all Ap stars (352) is lower than the number of stars summed over all particular types of peculiarity in Table 1.  Tables 2-9 , which are put in the main body of the paper, present lists of the 352 Ap stars of the sample distributed into various types of spectral peculiarity. The tables present individual stars and give for each of them: HD number, HR number, name of the star (or BD number), and spectral type including the type of peculiarity. No magnetic field data are listed here.
Due to enormous complexity of Sr-like chemical peculiarities which have been identified in some Ap stars, we have attempted to separate 136 stars which exhibit essentially only the SrCrEu spectral type. These stars are listed in Table 8.  Complementing this table, Table 9 presents list of the other 43 Sr-type stars which exhibit SrCrEu type mixed with other peculiarities. The logical sum of Tables 8 and 9 forms the class "Sr all", which contains 179 stars and is a single entry in Table  1 .
The stars listed in Tables 2-9 are exactly the objects which were used to construct Figures 1-9 , and to obtain number distribution functions of the averaged quadratic magnetic fields B e for each types of peculiarity considered among the A type stars on the main sequence.
Reevaluation of B e errors
For many years observers have always estimated the standard error of effective magnetic field measurements. However, some early papers tabulated probable errors of B e , which should be transformed to standard errors to ensure their compatibility.
Moreover, some of the early B e measurements have unrealistically small standard errors of the order of a few tens of G. This comment refers mostly to photographic magnetic field observations; see papers by Babcock et al. in the list of references, for example.
An independent error estimate of published B e determinations can be obtained by one of the following methods.
1. Consider a star with no apparent B e variations. In the case where we have a sufficiently large set of B e measurements, we can simply determine the mean B e value and the error of a single B e measurement in the standard manner. 2. If the magnetic field B e varies with time, and the parameters of phase variability are unknown, then we can estimate the B e and the upper limit of error of a single measurement in the same standard way. In this case the observed scatter of individual B e observations include both real errors plus the unknown magnetic field variability. The lower the contribution of B e variability is to the scatter, the more realistic the error estimates are. 3. If the magnetic field varies with time, and if the parameters of (periodic) phase variability are known, then we simply determine the mean B e (ϕ) phase curve and compute the predicted magnetic field strength corresponding to each observed point. Finally, we determine the error of single measurement as was done in paragraph 1.
The general considerations presented above should be supplemented by the following comments: 4. The averaged value of the effective field, B e , significantly depends on the choice of useful spectral lines. This is particularly important for early observations, since then analysing instruments worked in narrow spectral windows (200 -300 Å) , and the number of lines used for the B e determination was very small. 5. The best average B e (ϕ) curves were obtained analysing Zeeman splitting of the Balmer lines. However, B e measurements obtained from Balmer lines and metallic lines can differ substantially due to the well-known effect of inhomogeneous distribution of elements over the surface of a magnetic star. 6. The accuracy of B e measurements depends not only on the particular set of spectral lines and their total number, but also on the apparent rotational broadening, i.e. on v sin i. Rotational broadening of lines strongly influences the accuracy.
In order to obtain reliable error estimates of older B e measurements, we have selected 21 stars observed by the following authors: H.W. Babcock, G.W. Preston, S.C. Wolff. and W.K. Bonsack. Those stars were not necessarily observed by all four of them. We also took into account papers in which they were present in the author's list (cf. Bibliography in this paper).
The set of 21 stars consists of (HD determinations for these stars were obtained both with the "old" photographic technique, and with new high-accuracy methods. Details of our error calibrations of the earliest B e , and its dependence on both v sin i and the effective temperature T ef f , will be presented in a forthcoming paper.
From our analysis, we obtained the following standard errors of B e , corresponding to photographic observations of the most active authors:
Babcock, H.W.
The standard error σ is given in G, and velocity v sin i is in km/sec. As is evident, the accuracy of B e measurements increases from the earliest observations by H.W. Babcock to later data by W.K. Bonsack.
We have recomputed errors of B e measurements of the above observers with the above relations in all cases in which their original errors were not given or were apparently unrealistically small. In this way have ensured compatibility of the earliest and modern B e determinations.
Distribution of averaged effective magnetic fields
Let us substitute B = B e for brevity. From the data collected in 
Integrated distribution function
We define the integrated distribution function as
where N tot denotes the total number of stars belonging to that group. We have investigated separately N(B) for Am, He-weak, He-rich, Si, HgMn, SrCrEu, all Sr-type, and all stars displaying Hg or Mn. Discussion of the distribution function for stars of other spectral types has been deferred to the following papers.
For a given subclass of stars, we have divided the range of the quadratic averaged magnetic field B e from zero to the maximum field in this group into up to 40 bins of equal length (80 bins for Si stars), and counted the number of stars in each bin. Figures 1-9 display the relation between the discrete B e and the summed number of stars located in higher bins, expressed in percent of the total number of stars in that peculiarity class. Such a relation represents the integrated distribution function N Int (B), and describes the probability that upon investigating a new star of this chemical peculiarity, its B e will be higher than the value of B. That relation is given by series of dots in the Figures. Figures 1-9 demonstrate the striking rule, that all the corresponding functions N Int (B) are well approximated by the exponential function, normalized to unity at B = 0
Coefficients a 1 (in %) and a 2 (in G) depend on the class of chemical peculiarity. present the fixed values of magnetic field intensity B e f ix (in G), defined that the number of stars with B e ≥ B e f ix constitutes 30%, 50%, and 70% of the total number of stars belonging to this peculiarity type, cf. column 2. In fact, these three columns are just some exemplary solutions of Eq. 6 for the magnetic field B.
The distribution function
The distribution function can immediately be obtained from N Int by the relation
The function N(B) is therefore also an exponential function with the above analytic approximation
If one attempts to construct the distribution function in direct way, based on the tabulated data, then this function would exhibit serious noise due to the limited number of data points. One should note that the above exponential dependence has been determined using a resolution ∆B ≈ 100 G only, which corresponds to average size of single bin in Figs. 1-9 . This implies that with our method of figure construction, we cannot say anything about the shape of the distribution function in the region of the weakest magnetic fields B below ≈ 100 G. Note that the value of ∆B resolution mentioned above is averaged over all spectral subclasses, in fact, it is in the range ∆B = 25 − 200 G (see the Figures) .
It is important to stress here, that we have set the total number of stars of a given subtype N tot to 100%, no matter whether the given stars had detectable magnetic fields or not.
Distortion of the distribution functions
The referee pointed out that our B e and σ e statistics, and the distribution functions N int presented in this paper, can be distorted due to the following reasons.
1. Errors of B e measurements taken by different observers and techniques sometimes strongly differ. In such case average values of B e and σ e in Table A .1 can be inflated by few very inaccurate measurements with large individual σ e , cf. Eqs 2-3. This is particularly important for stars with weak magnetic fields, for which the number of available B e observations is small (e.g. the Am star 68 Tau).
The most accurate B e measurements should weight mostly when computing averages B e and σ e . However, Eqs 2-3 defined by Borra et al. (1983) assign the same weight of unity to all B e measurements; i.e. their B e and σ e statistics are most meaningful when they resulted from data with comparable errors. In the present paper we follow strictly the above definitions, Eqs 2-3, and did not alter them in any way e.g. by eliminating B e data of outstanding σ e errors. has been exaggerated. This is particularly important at low field end of N int for all subclasses of Ap stars, and for the whole group of essentially nonmagnetic Am stars, see Fig. 4 (see also the following subsection). Therefore runs of N int derived in this paper certainly are distorted below ≈ 100 to 300 G, or so, In spite of this effect we believe that even for Am stars constructing our N int makes sense, because it represents the upper limit constraining their true distribution, N true int .
Low magnetic fields
One can easily see that the distribution function N(B) exhibits a significant drop of the averaged quadratic field at the limit B → 0. Such behaviour can be seen for almost all of investigated classes of chemical peculiarities, with the exception of Am stars only.
The origin of this behavior of the directly measured N(B) cannot be explained with full confidence. On one hand, the are rather due to random errors of the directly measured effective magnetic fields B e . The quadratic average of errors ∆B e is not likely to approach 0 G, particularly for poorer observations, and it is comparable with the width of a bin. Therefore a low number of stars with quadratic field B ≈ 0 represents just some type of statistical selection effect. As was pointed out by the referee, the observational data analysed here for magnetic star calsses probably exhibit a deficiency of stars with low magnetic fields. This is because observers frequently were not interested in observing stars in which the intrinsic magnetic field appeared to be small, and stars with stronger fields were always favoured. Such a personal bias certainly distorts the observed distributions N Int in each subclass of A type stars, which are convolutions of intrinsic distributions with an "observer interest" distribution. The effect is very difficult, if not impossible, to correct in general. We believe, however, that the effect influences counts N Int only in the lowest bins of our histograms, which are underpopulated also due to reasons discussed in the previous paragraph. The above selection effect started from the earliest observations by H.W. Babcock, who first identified strong magnetic fields in Ap stars after many unsuccessful attempts. Indeed, stellar magnetic data sets now available exhibit a strong tendency to present stars with strong or even extreme fields. This selection effect can be avoided only when measuring a "canonical" distribution of the magnetic fields for all stars in a fixed volume of space. We are aware that there exists general understanding of this problem, and that there are observational projects of this type in progress.
The amount of necessary observational effort is very large, and it will take years to complete. Our paper, however, was prepared taking into account all existing B e measurements disregarding the observational selection.
Comments on CP classification
Classification of chemically peculiar stars represents a very complex problem. Commonly adopted criteria of classification rely on the presence of particular elements or groups of elements in the spectra of Ap stars. Such observables represent only the surface properties of the magnetic field configuration of a star, and the resulting surface chemical anomalies. The resulting classification of Ap stars into subclasses is very complex and not unique, which is also reflected in Table 1 of this paper.
The referee suggested that since the existing classifications of magnetic Ap stars are very inhomogeneous, one could divide them by colour, (U −B) 0 for example. Such a choice would give a rough division of Ap stars collected here by mass, which may be a more physically meaningful parameter than the surface peculiarities.
We agree that one should seek for classification criteria among Ap stars which are more physically meaningful than just the apparent surface peculiarities. This will be a subject of our research in the near future. In this paper, however, we adopt spectroscopic classification of chemical peculiarities in various CP stars.
HgMn stars
The group of HgMn stars exhibits rather inhomogeneous content, similar th the Sr group discussed in previous Sections (cf. Figs 2-3 ). There exists small group of classical HgMn stars (e.g. ι CrB and α And) for which no really convincing evidence of longitudinal fields is available. There exist also other Ap stars (such as HD 21699 and 79158) which display Hg or Mn along with numerous other peculiarities in their spectra. These subgroups should be investigated separately.
The most actual list of both all HgMn stars and classical HgMn stars (the latter are objects with pure HgMn peculiarity) has been recently published in Adelman et al. (2003) .
In the case of HgMn stars we have investigated the distribution functions N Int for the whole the group (see Fig. 8 and Table  5 ), and for only the classical HgMn stars ( Fig. 9 and Table  6 ). Fig. 9 clearly shows the well-known fact that the classical HgMn stars have very weak longitudinal magnetic fields. They are substantially different than other Hg or Mn stars, which simultaneously exhibit also other chemical peculiarities. The latter stars exhibit sometimes strong fields B e . Fig. 9 shows that only three classical HgMn stars apparently exhibit noticeable magnetic field B e : HD 172044, HD 210873, and HD 221507. However, in all three cases the accuracy of B e observations is relatively low. We speculate that their B e reflect essentially errors of measurement, and that high precision B e measurements will yield much weaker averaged longitudinal magnetic fields for all three HgMn stars.
One should keep in mind that the detailed investigation of various subclasses of chemical peculiarities among CP stars is V.D. Bychkov, L.V. Bychkova, J. Madej: Catalogue of averaged stellar effective magnetic fields. limited by the small number of stars in subclaasses. For example. there are only 15 classical HgMn stars in our compilation with which to construct Fig. 9 and Table 6 .
Summary and conclusions
The most important results of this paper can be summarized in the following list: 1. We present an extensive list of the averaged quadratic effective magnetic fields B e for main sequence and giant stars. Individual B e observations were compiled from the existing literature, and were further processed to obtain a homogeneous set of averaged effective magnetic fields. We consider our averaged values of B e as a reasonable representative measure of the field strength in the atmosphere of a given star. This is because the value of B e results directly from the observed effective magnetic field strengths B e and is a strictly modelindependent quantity.
Moreover, it is a single scalar parameter which describes the magnetic field of a star even if the number of individual B e is low or the B e observations are noisy. In such a case the full curve describing B e (φ) changes with rotational phase φ cannot be constructed.
2. We have determined for the first time that the relation between the number of occurences N Int of the magnetic field higher than a specified B e is given by the decreasing exponential function, at least starting from the minimum value of B e ≈ 100 G
Therefore the number distribution function N( B e ) of Ap type stars is also given by a decreasing exponential function. This relations is found to hold for all analysed subclasses: Am, Si, He-weak, He-rich, HgMn, SrCrEu, and all Sr type stars. We determined and listed values of the parameters a 1 and a 2 for each subclass, see Table 1 .
3.
We cannot rule out the possibility, that this exponential relation represents just the tail of the true distribution, with its maximum hidden below B e ≈ 100 G. This is because our Figures and fitting curves have limited resolution in the independent variable B e , which is limited by the observational errors and limited sample sizes to the width of the average bin, typically of the order of 100 G (in each individual sample the value of the resolution is between 25 G and 200 G).
4. Our results demonstrate that the number distribution of the averaged quadratic effective magnetic fields N( B e ) is not similar in any way to tail of the Gaussian distribution, which would be proportional to exp(− B e 2 /a 2 2 ).
The analysis presented in this paper is concentrated on the integrated distribution function N Int (B), due to the rather low number of stars available in most chemical peculiarity classes. Still, the function N Int seems relatively smooth in all the subclasses, and is credibly represented by an exponent. However, some small distortions can be easily seen in upper panels of all the Figures 1-9 .
The distribution function N(B) is the first derivative of N Int , and obviously all numerical distortions of the latter involve fluctuations of the derivative. This is seen in lower panels of Figures 1-9 , in which directly measured distribution functions exhibit serious noise. Therefore the exponential shape of the distribution function N(B), given in Eq. (8), is just an extrapolation of the smoothed N Int , which is not inconsistent with the measured N(B).
We exclude from the above rule region of the lowest magnetic fields B of extend comparable with the resolution ∆B of our histograms. σ 
